Searching PAJ 



1/1 s< — v 



PATENT ABSTRACTS OF JAPAN 



(1 DPublication number : 2000-199850 
(43)Date of publication of application : 18.07.2000 



(5 Dint. CI. 



G02B 13/24 
G02B 13/1 B 
G03F 7/20 
H01L 21/027 



(21 Application number : 11-002084 
(22)Date of filing : 07.01.1999 



(71) Applicant 

(72) Inventor : 



NIKON CORP 
KOBAYASHI MISAKO 



(54) PROJECTION OPTICAL SYSTEM, PROJECTION ALIGNER AND PRODUCTION OF DEVICE 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To obtain a projection optical system made achromatic in 
wide spectral width by providing a 4th lens group having negative refractive power and 
a 5th lens group having positive refractive power, and further providing at least one or 
more aspherical shape surfaces and constituting the optical system to satisfy a 
specified condition. 

SOLUTION: This projection optical system projecting the image of a mask M on a 
pattern P is provided with a 1st lens group G1 having positive refractive power and a 
2nd lens group G2 having at least a pair of combined lens components of a positive 
lens component L21 and a negative lens component L22 and having negative refractive 
power in order from the mask M side. Furthermore, it is provided with a 3rd lens group 
G3 having the positive refractive power, the 4th lens group G4 having at least a pair of 
combined lens components of a negative lens L43 and a positive lens component L44 
and having the negative refractive power, and the 5th lens group G5 having the positive 
refractive power. Then, it is provided with at least one or more aspherical shape 
surfaces and made to satisfy the specified condition. 
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V^^Xf-^MSt ^lz-bPSSfttS/lz-h 
^f-yP S k£K K**£:fc^T5^Kffi#|n|'Nj£S 
-rSj£#0 1©fflktt^&oT^5o CtUC^D. XL/ 
-bPUt ^^^M©«*s^*«**tLSo feUlCDEI 

»ft (vx^M) flJXtf*2«fMH (7i/-hPi) 

[ 0 0 4 6 ] 

[*flfi0|] JUT, *f4-Hffit:*^^T*»BHfcfr*«a 

ONA#0. 1, ail5«*#l/0. 6. 
S«©*g#117. 6mm-T:feD. gM^hi$^ 

(S1*BE0() H3(4, *»W©JBl*fli«fc:fr*aa. 

mi wife (^x^m) «^e>jiiic jejbst* 

©gll/>X8Gli:, tM^©I2b>XPG2 
k, iEJH*f*©»3l/>X»G3 k, ©JH#f*0*4 1y 
>XPG4k, iEJH*f*©Sg5 1/>X»G5 k*e)«j« 

[0047] ^ii/>xffGKt mimfo 

(^**M) ^2%f* (/**->P) «t 

EaffiS|p»t&fiL/>X^L 1 2 k, husBSUVX^ 

l 1 2 izM&Lxmwzftmmm lyufc (^^^u) m 

kflffi*lRl»fciEU>Xj«*L 1 3 k*6«:SftiEtt^- 
btI/>XiM*#t§o S2b>X^G2(t IEU> 
Xjffi^ L 2 1 kft U > XfiK» L2 2fc*6 & £IEftffi£- 
t)-M-U>X^k, IEl/>XJ5J&^L 2 3 i:gl/>XM 
L 2 4 i:*»e>3S:SjEftffl*&to-<i-l'>X^i:**-rSo 
^4 b>XfffG4(i, *«ai3 b>XPG3iC*^< 
k*— o6Dfti/>Xj3c^L 4 1k, mmuyXr&fticm 
®Lfeffi2»f*:(yl*->P)(l!IJ»CjEU>X^L 4 2 k 
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£*IU gl/>XS^L 4 3 hJEl/>X^#L 4 4 4:* 

fcjEU^XjR^L 4 6 fcfrfc&aftEffl^b-tt-l/VXjffi 

M) |2Wt (^* — >P) flUcOB*|6l 

«t&iEU>Xj«^L 5 7 H9ffiiEl/>Xj«^L5 7iC 

(tfetl/>XML 5 8 fc*e>3ftSiEflffl-&to#L'>X 

[0 0 4 8] jut ©a 1 t**«JB«t:**SJ9:ll5** 

(-7^^M) flU*^aifeV>XH(Dli#, rfcfcl/>X 
H©ffl**g(fc«U STOttjR0B*^-r). dteV 
VXBcDSSBPB. n(g) (igi(A= 4 3 5. 8 3 
5nm) k:»^-5JB*f*. vtt^Ktf WHgUTO 
§o d Oii^ l^jf* (VX^M) fr?»»ll/>X»Gl 

»5 lx>XG5©«»B*>6S2«M*: (XI/— bP) ffi 
*f©ffiltt, $EXte!g2^{* (Xl/-bP) B«c*5» 

[0049] iKRffitt&jt, 

Z=cyV(l + (l-(l+k)c 2 y 2 ) 1 / 2 )+Ay 4 +By 6 +CyHDy 10 

cfiffi*, k«4PJ*iJ£R, A, B, C, Dtt^SRffi 

[ 0 0 5 0] 

[il] dO =71.280029 
0 =-1/0.6 
NA = 0.1 
WD =82.824696 



$EX=1 


1 7 . 


6 












r 


d 




n(g) 


V 


i) 


-4010. 


.24588 


20.000000 


1. 


.45814 


164.86 


2) 


-415. 


.68323 


1.500000 


1. 


.00000 




3) 


2251. 


.29134 


18.022063 


1. 


.59417 


68.74 


4) 


591. 


.58755 


5.155707 


1. 


.00000 




5) 


1242. 


.80518 


22.616519 


1. 


.45814 


164.86 


6) 


-771. 


.15182 


1.500000 


1. 


.00000 




7) 


938.61649 


22.020243 


1. 


.60353 


106.44 


8) 


-969. 


, 98447 


1.500000 


1. 


.00000 




9) 


401. 


.07382 


23.200000 


1. 


.60353 


106.44 


10) 


-1395. 


.27409 


1.500000 


1. 


.00000 




11) 


363. 


,16828 


20.000000 


1, 


.60353 


106.44 


12) 


1165. 


,13791 


1.500000 


1. 


.00000 




13) 


236. 


,00907 


17.500000 


1. 


.60353 


106.44 


14) 


105. 


,19538 


29.332837 


1. 


.00000 




15) 


-1868. 


,01561 


22.385413 


1. 


,59417 


68.74 


16) 


-445. 


,49596 


2.693356 


1. 


.00000 





17) 


-718.54134 


15.000000 


1.45814 


164.86 


18) 


355.20158 


13.374065 


1.00000 




19) 


-910.86681 


25.016732 


1.59417 


68.74 


20) 


-190.57700 


3.400801 


1.00000 




21) 


-211.77189 


15.000000 


1.45814 


164.86 


22) 


333.37137 


27.793796 


1.00000 




23) 


-114.51515 


16.000000 


1.60353 


106.44 


24) 


-220.68730 


32.421482 


1.00000 




25) 


-639.12878 


18.000000 


1.59417 


68.74 


26) 


545.43665 


1.500000 


1.00000 




27) 


507.92592 


30.000000 


1.45814 


164.86 


28) 


-503.08235 


1.803457 


1.00000 




29) 


3023.63682 


22.000000 


1.45814 


164.86 


30) 


-587.31910 


1.502071 


1.00000 




31) 


1078.79605 


27.000000 


1.45814 


164.86 


32) 


-357.17626 


0.000000 


1.00000 




33) 


0.00000 


1.500000 


1.00000 




34) 


3824.13157 


26.146269 


1.45814 


164.86 


35) 


-252.38006 


2.031981 


1.00000 




36) 


-244.75740 


19.000000 


1.59417 


68.74 


37) 


-383.22858 


4.807088 


1.00000 




38) 


0.0(ST0) 


1.627090 


1.00000 




39) 


315.25973 


19.000000 


1.59417 


68.74 


40) 


203.81669 


5.588627 


1.00000 




41) 


230.38926 


27.450145 


1.45814 


164.86 


42) 


1620.60458 


1.500000 


1.00000 




43) 


347.65410 


29.000000 


1.45814 


164.86 


44) 


-925.96379 


1.500000 


1.00000 




45) 


234.25979 


27.000000 


1.45814 


164.86 


46) 


700.00000 


2.629830 


1.00000 




47) 


183.97635 


26.000000 


1.45814 


164.86 


48) 


318.26464 


3.309424 


1.00000 




49) 


183.69640 


18.000000 


1.59417 


68.74 


50) 


110.43650 


28.859677 


1.00000 




51) 


-348.43853 


16.000000 


1.46674 


124.00 


52) 


194.29748 


22.378220 


1.00000 




53) 


296.56457 


23.000000 


1.60353 


106.44 


54) 


1135.79206 


24.531418 


1.00000 




55) 


-183.35250 


16.000000 


1.45814 


164.86 


56) 


-3004.70974 


1.595480 


1.00000 




57) 


1020.26792 


24.707572 


1.59417 


68.74 


58) 


-879.55136 


13.894156 


1.00000 




59) 


-179.85670 


17.000000 


1.45814 


164.86 


60) 


10672.87842 


1.500000 


1.00000 




61) 


1364.92001 


25.000000 


1.59417 


68.74 


62) 


-444.55364 


18.887856 


1.00000 




63) 


-167.84348 


20.000000 


1.49597 


127.66 


64) 


-375.88082 


24.213925 


1.00000 




65) 


-119.31287 


20.269697 


1.60353 


106.44 


66) 


-237.25252 


1.517561 


1.00000 
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67) 


-733.25110 


27.584947 


1 


.60353 


106.44 


68) 


-373.78332 


1.565486 


1 


.00000 




69) 


-918.81502 


26.296689 


1 


.60353 


106.44 


70) 


-383.78611 


1.725053 


1, 


.00000 




71) 


-865.21636 


27.014946 


1, 


.60353 


106.44 


72) 


-566.72380 


1.790324 


1. 


.00000 




73) 


2722.77759 


27.000030 


1. 


.60353 


106.44 


74) 


-744.86680 


2.335884 


1, 


.00000 




75) 


1796.68210 


34.000268 


1.45814 


164.86 


76) 


-631.90173 


9.634765 


1. 


.00000 




77) 


-426.48331 


25.015068 


1. 


.59417 


68.74 


78) 


-536.21994 


4.247237 


1. 


.00000 




79) 


1451.28424 


28.000000 


1. 


,60353 


106.44 


80) 


0.00000 


82.824696 


1. 


,00000 





k = - 1 . 3 1 4 2 6 0 
A- 0. 863064x10 " 9 
B= 0. 200391x10 " n 
C= 0.167288x1 O- 16 
D = 0.626884X10" 20 

(1) |f 1/f 2 1=0. 625 

(2) If 5/f 4 | = 2 . 3 2 4 

(3) f 2/f 4 - 2 . 0 6 6 

(4) vp 2/vn2 = 0. 4 17 

(5) v P 4/vn4 = 0. 4 1 7 

(6) 0 = - I/O. 6 

(7) Y/L = 0. 0 8 7 

(8) f 4N/L = -0. 1 9 6 

(9) f4(N+P)/L = -0. 3 4 7 

(10) vp2/vn2=0. 4 1 7 

(11) (|rp22|-|rn21|)/(|r P 22| + |rn21|) = -0. 2 3 
5, -0. 0 5 3 

(12) vp4/vn4 = 0. 4 1 7 

(13) (Irp41|-|rn42|)/(|rp41| + |rn42|) = - 0. 4 9 
3 , - 0 . 7 7 3 

(14) vnl/vpl = 0. 4 17 

(15) (|rpll|-|rnl2|)/(|rpll| + |rnl2|)=0. 355 

(16) vn 5/v p 5 = 0 . 417 

(17) (Irp62|-|rn61|)/(|rp62| + |rn61|)=0. 194 

[oo5i] i4 u-^mmmorr^^Moymm^^ 

JC*5l^T»»ttg« U=435.84nm) , jftfiUihlffi 
(A=404.7nm) StRUT^Sc &*\ tTF±T<Z>g| 
JEW CD It JR2g II £ *5 ^ T 09 i: 0 ffi * * ffi t ^ 

t KiRH*«a«>T iw- (c mje sntoack ^ & . 

[ 0 0 5 2 ] (fg 2 SfcKffl) H 5 tt % #*8HH©» 2 XjK 



fiW £ # # S S**^ <D U > X m m ^TiT^So * 

SIM (?7^M) 
(C, IEJS*T^c7)ig 1 U>XWG 1 IM^2b 
>Xi¥G2h, IEB#r*;©gS3 U>XS¥G3 ftSJf 
*©^4l/>XiG4h, IEJ3#r±rCDfg5 1/>XSG 5 

[0 0 5 3 ] CCT% m 1 1/>X»G 1(4, g£ 1»# 

L 1 2 fc»gbTK«£ftiiuffi* (v^^M) « 

t:flffl*fRl»feiEl/>XjER^L 1 3 £^IE*I£- 
btl/>X^WtSo ^2 U>X»G2«\ HU> 
X^L 2 1 fcftl/>Xj*#L 2 2 fc*6*5IE*fi^ 
to#l/>XjB£#i:, IEl/>X^L2 3i:il/>X^ 
L 2 4 i:*e>5S:SiEftffl'&t)-frl/>Xfi8^i:. IEb>X 
J^^L 2 5 ht!/>XML 2 6 ii^fe&SiEftjli^'to 
*k\s>ZfSLfth*m?Z* H4b>XSG4(t ««>fg 
3 b>Xg¥G < fc*>-OCDftU>Xj«#L4 

lfc, »Hl/>Xfi8»tl»»L&*2«rt*;(/^->P) 
«fcIEl/>Xj##L4 2i:4*U ftl/>X^L4 3 
£jE\s>zmfth 4 4 fc*6fc*flIE»£*'t*l'>X/S 
ftU>Xffi#L4 5 fcjEl^>Xj&#L 4 6 fcfr£> 
«cSfiiEffl^fc-frU>XjEa^i:, ll/>X^L4 7i: 
IEU>X^L 4 8 i:^e>3S:SftiEjfi-&to-frU>XJ5E» 
i:^^T^o tg5 l/>XBG5tt, (^*^ 
M) ffll ^2t/<* (/^->P) fJj^flffi^fp) 

ttfcIEU>X/i!c#L 5 4 mffBIE b >X^L 5 4 fc: 
Rfi L r mm * fifufflfB 1 »tt< ^ * * M )« Elffl * ft 
ttfcft l/>XfiE#L 5 5 fc*&«:5]EAjfi^t)*U>X 

[ 0 0 5 4 ] WT©352t:**li6«fc**-5»K*^* 

[0 0 5 5 ] 

[i2] dO =70.778255 
/?=-l/0.6 
NA=0.1 
WD =85.892333 
$EX=1 17. 6 





r 


d 


n(g) 


V 




1) 


-5876.75706 


20.000000 


1.45814 


164. 


.86 


2) 


-356.24443 


1.500000 


1.00000 






3) 


1285.67079 


18.000000 


1.59417 


68, 


.74 


4) 


347.88586 


11.093335 


1.00000 






5) 


491.05555 


22.500000 


1.45814 


164.86 


6) 


-1630.27023 


1.500000 


1.00000 






7) 


500.21184 


22.000000 


1.60353 


106. 


44 


8) 


-887.93043 


1.500000 


1.00000 






9) 


471.54305 


23.200000 


1.60353 


106. 


44 


10) 


-978.49591 


1.500000 


1.00000 






11) 


364.13147 


21.23533-9 


1.59417 


68. 


74 



- 8 - 



#112 000-199850 (P2000-199850A) 



12) 


412.77812 


1.500000 


1 


.00000 




62) 


-432.66573 21.244053 1.00000 






13) 


240.49909 


17.500000 


1 


.60353 


106.44 


63) 


-138.04066 20.000000 1.60353 


106. 


44 


14) 


105.07919 


28.683584 


1 


.00000 




64) 


-301.40002 1.500000 1.00000 






15) 


-1571.46747 


24.876500 


1 


.59417 


68.74 


65) 


-783.03500 27.000000 1.59417 


68.74 


16) 


-300.14306 


1.724299 


1 


.00000 




66) 


-449.41110 1.500000 1.00000 






17) 


-302.92114 


15.000000 


1 


.45814 


164.86 


67) 


-911.22262 26.000000 1.59417 


68.74 


18) 


465.07651 


12.595445 


1 


.00000 




68) 


-468.34556 1.500000 1.00000 






19) 


6377.85493 


25.000000 


1 


.59417 


68.74 


69) - 


1178.58456 27.914169 1.59417 


68. 


74 


20) 


-174.54274 


1.500000 


1 


.00000 




70) 


-618.43139 1.500000 1.00000 






21) 


-191.19649 


15.000000 


1 


.49597 


127.66 


71) 


4922.99509 28.000000 1.60353 


106. 


44 


22) 


299.17044 


29.279905 


1 


.00000 




72) 


-649.76417 1.500000 1.00000 






23) 


-111.78484 


16.000000 


1 


.60353 


106.44 


73) 


1652.38895 34.000000 1.45814 


164. 


86 


24) 


-220.36637 


33.747951 


1 


.00000 




74) 


-565.12497 9.744089 1.00000 






25) 


-900.43404 


18.000000 


1 


.59417 


68.74 


75) 


-396.89427 25.000000 1.59417 


68.74 


26) 


562.20035 


1.500000 


1 


.00000 




76) 


-487.52137 1.574485 1.00000 






27) 


538.11569 


30.000000 


1 


.45814 


164.86 


77) 


1275.40072 28.000000 1.60353 


106. 


44 


28) 


-464.33073 


1.572083 


1 


.00000 




78) 


0.00000 85.892333 1.00000 






29)- 


-44242.23515 


22.000000 


1 


.45814 


164.86 








30) 


-492.06824 


1.500000 


1 


.00000 








31) 


1641.02002 


27.000000 


1, 


.45814 


164.86 


k = - 


- 1 . 6 7 0 7 4 8 






32) 


-408.39673 


0.000000 


1, 


.00000 




A = 


0. 334932x10 " 8 






33) 


0.00000 


1.500000 


1. 


.00000 




B = 


0 . 1 8 2 6 4 6 x 1 0" u 






34) 


2119.81567 


29.422638 


1. 


.45814 


164.86 


c = - 


0 . 7 9 3 8 2 6 x 1 0-" 






35) 


-236.64693 


1.620272 


1. 


.00000 




D = 


0. 7 4 6 1 5 6 x 1 0 - 20 






36) 


-235.26251 


19.000000 


1. 


.59417 


68.74 








37) 


-334.86773 


2.412982 


1. 


.00000 




(l) 


1 f 1/f 2 | = 1 ■ 001 






38) 


O.O(STO) 


2/220296 


1 . 


,00000 




(2) 


I f 5/f 4 | = 2 . 626 






39) 


340.00023 


19.000000 


1. 


.59417 


68.74 


(3) 


f 2/f 4 = 1. 825 






40) 


203.15674 


4.132043 . 


1. 


.00000 




(4) 


vp2/vn2=0. 645, 0. 4 


1 7, 


0 . 


41) 


220.44549 


29.703664 


1. 


.45814 


164.86 


5 3 8 








42) 


2365.13346 


1.500000 


1. 


.00000 




(5) 


v p 4/ v n 4 = 0 . 538, 0. 4 


1 7, 


0 . 


43) 


304.69229 


29.004987 


1.45814 


164.86 


6 4 5 








44) 


-1696.99672 


1.500000 


1. 


.00000 




(6) 


/? = - 1/0. 6 






45) 


246.85362 


27.000000 


1. 


.45814 


164.86 


(7) 


Y/L = 0.087 






46) 


700.00000 


3.461420 


1. 


,00000 




(8) 


f 4 N/L = - 0.210 






47) 


186.34340 


26.000000 


1. 


.45814 


164.86 


(9).f4(N+P)/L = -0. 3 8 2 






48) 


291.55223 


3.415513 


1. 


,00000 




(10) 


vp2/vn 2 = 0. 6 4 5 , 0. 4 1 7, 


0. 


49) 


189.35428 


18.000000 


1. 


59417 


68.74 


5 3 8 








50) 


108.17339 


28.541064 


1. 


00000 




(11) 


( |rp22|-|rn21| )/(|rp22|+|rn21| )= 


0.26 


51) 


-290.93688 


16.000000 


1.46674 


124.00 


4, - 


0. 005, - 0. 046 






52) 


247.89316 


42.540272 


1. 


.00000 




(12) 


vp4/vn4 = 0. 5 3 8, 0. 4 1 7, 


0 . 


53) 


357.36723 


23.000000 


1. 


60353 


106.44 


6 4 5 








54) 


1839.43947 


27.756358 


1. 


00000 




(13) (|r P 41|-|rn42| )/( |rp41 |+|rn42| ) = 


- 0 . 


4 2 


55) 


-155.23327 


16.000000 


1. 


49597 


127.66 


1, o 


. 4 6 0, 0 . 4 4 4 






56) 


2518.83777 


1.500000 


1. 


00000 




(14) 


vnl/vpl=0. 417 






57) 


1025.83668 


24.902165 


1. 


59417 


68.74 


(15) 


(Irpll|-|rnl2|)/(|rpll| + |rnl2|) = 


0. 1 


7 1 


58) 


-584.73072 


25.710500 


1. 


00000 




(16) 


vn 5/vp 5 = 0. 4 17 






59) 


-145.73456 


16.000000 


1.45814 


164.86 


(17) (|rp62|-|rn6l| )/( |rp62| + |rn61| )0 


.17 5 


60) 


-1020.06712 


1.500000 


1. 


00000 




[0056] m 6 a*&mm<Dm&ft¥&<DUiVL% 




61) 


-2758.30852 


27.000000 


1. 


59417 


68.74 
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m iz # o x m iRH ifi m &> x & & \z w mztix^zztw 

[0057] (13 mmm) m i %mmm 3 mm 
l»fc#*a««#^*fiDi'>x m r&*^Tmx&z>o * 
mmm<Di9i&yt-?m£. iiw (v^m) m&*>m 
lEmtTxiKDm i b>x^G 1 nf&%ti)CDm2i> 

>XS¥G2h> IEJB*f*©m3 b>XS¥G3 Mffiffi 
1l(Om± P>XS¥G4 h> IES#f^J©!5 l/>XHG 5 

[ 0 0 5 8] CCT% Sll/>XWG1H\ 

L 1 2t»«LTE«*ttH(ISB»l** (VX^M) fJJ 
tflMftlRl«t&iEU>Xj«»L 1 3 kfrfefcaftjEJe^- 
t)tl/>XM4StSc tg2b>X£¥G2te\ IEb> 
XJ«#L 2 1 fcfil/>Xj*#L 2 2 kfr&«cSjE«»& 
to-&U>Xjig#i:, IEb>X^L 2 3 hH^>Xjffi# 
L 2 4 fc*6te*iEfttt^'to-frl/>XfiEdfcS*f S« 
14 U>XfflfG4i±, i^S3 l/>X»G3fl|tliU3&< 
i:*-o©tl/>XML4 1 R£L/>X/»#fclB 
SL&»2«#:(y^->p)fJk:iEl/>X«»L 4 2^: 
*SL, ftP>XJBK^L 4 3 IE 1/ > Xj«# L 4 4 h£> 
£fc£SIEffl^fc>#U>Xj5iG#h, tl/>XML4 5 
i:IEV>X^L 4 6 kiP&ftSftlEfi'&fc-HrUVXjBS 
ftU>Xj*#L4 7fcIEl/>X/aW*L4 8fc*& 
*SftiE»^t)-frl/>Xj«^i:**"rao S5l/>Xff 

(,^_>p) «JCflffltfi|lt&iEW>Xrt^L 5 4 

mmiEu>xj&frL5 Aizmm^xmwznmmm 

l«fr(^^^M)«iClHffi*|pl»feeu>XfiE^L 5 5 
[ 0 0 5 9 ] WTCDS3 (C**iHE«liC**sa***^ 
[ 0 0 6 0 ] 

[«3 ] dO =70.281807 
£=-1/0.6 
N A=0.1 
WD=85. 471505 
$EX= 1 1 7. 6 





h~ r 


d 




n(g) 


V 


1) 


-41537.06890 


20.000000 


1 


.45814 


164.86 


2) 


-365.09217 


1.500000 


1 


.00000 




3) 


1164.32419 


18.000000 


1 


.59417 


68.74 


4) 


361.65468 


8.123946 


1 


.00000 




5) 


1047.00233 


22.500000 


1, 


.45814 


164.86 


6) 


-723.69086 


1.500000 


1. 


.00000 




7) 


591.06852 


22.000000 


1. 


.60353 


106.44 


8) 


-1985.49335 


1.500000 


1. 


.00000 




9) 


361.48433 


23.200000 


1. 


.60353 


106.44 


10) 


-868.95858 


1.500000 


1. 


.00000 





11) 


372.86293 


20.000000 


1 


.60353 


106 


.44 


12) 


738.72667 


■1.500000 


1 


.00000 






13) 


265.57204 


17.500000 


1 


.60353 


106 


.44 


14) 


104.50371 


28.907421 


1 


.00000 






15) 


-1324.62456 


24.274658 


1 


.59417 


68 


.86 


16) 


-348.15695 


2.396312 


1 


.00000 






17) 


-352.77149 


15.000000 


1 


.45814 


164.86 


18) 


395.67465 


12.476109 


1 


.00000 






19) 


-2490.47397 


25.000000 


1 


.59417 


68.86 


20) 


-188.70025 


2.010310 


1 


.00000 






21) 


-215.13135 


15.000000 


1 


.45814 


164 


.86 


22) 


306.07821 


28.728798 


1 


.00000 






23) 


-114.57859 


16.000000 


1 


.60353 


106 


.44 


24) 


-222.35552 


33.219051 


1 


.00000 






25) 


-930.80462 


18.000000 


1 


.59417 


68 


.74 


26) 


503.08854 


1.500000 


1 


.00000 






27) 


485.19248 


30.000000 


1 


.45814 


164 


.86 


28) 


-525.73640 


1.500000 


1 


.00000 






29) 


5391.80452 


22.000000 


1 


.45814 


164, 


.86 


30) 


-540.97562 


1.500000 


1 


.00000 






31) 


1298.90044 


27.000000 


1.45814 


164, 


.86 


32) 


-422.78132 


0.000000 


1 


.00000 






33) 


0.00000 


1.500000 


1 


.00000 






34) 


1554.27131 


28.661453 


1 


.45814 


164. 


.86 


35) 


-251.58427 


1.788768 


1 


.00000 






36) 


-247.44430 


19.000000 


1 , 


.59417 


68. 


.74 


37) 


-349.83935 


3.192387 


1. 


.00000 






38 


O.O(STO) 


2.981590 


1. 


.00000 






39) 


353.88726 


19.000000 


1. 


.59417 


68.74 


40) 


205.51817 


5.303746 


1. 


.00000 






41) 


225.96699 


29.538719 


1, 


.45814 


164. 


86 


42) 


3338.38053 


1.500000 


1. 


.00000 






43) 


323.78845 


29.069120 


1. 


.45814 


164.86 


44) 


-1212.19849 


1.500000 


1. 


.00000 






45) 


247.83041 


27.000000 


1. 


.45814 


164. 


86 


46) 


700.00000 


3.061593 


1. 


.00000 






47) 


182.81527 


26.000000 


1, 


.45814 


164. 


86 


48) 


300.83634 


3.269873 


1. 


.00000 






49) 


183.28702 


18.000000 


1. 


.59417 


68. 


74 


50) 


108.06149 


28.913921 


1. 


00000 






51) 


-290.57150 


16.000000 


1. 


,46674 


124.00 


52) 


234.92471 


41.901516 


1. 


00000 






53) 


346.80734 


23.000000 


1. 


60353 


106. 


44 


54) 


1440.37358 


27.452833 


1. 


00000 






55) 


-162.39441 


16.000000 


1. 


49597 


127. 


66 


56) 


4641.63937 


1.500000 


1. 


00000 






57) 


1141.38148 


24.492200 


1. 


59417 


68. 


74 


58) 


-786.07607 


26.046812 


1. 


00000 






59) 


-142.28779 


16.000000 


1. 


45814 


164. 


86 


60) 


-1298.32413 


1.500000 


1. 


00000 
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61) 


-3117.27428 


27.000000 


1 


.59417 


68.74 


62) 


-389.80064 


21.535280 


1 


.00000 




63) 


-135.72991 


20.000000 


1 


.60353 


106.44 


64) 


-276.99403 


1.500000 


1 


.00000 




65) 


-810.45901 


27.000000 


1 


.59417 


68.74 


66) 


-418.58658 


1.500000 


1 


.00000 




67) 


-874.18958 


26.000000 


1 


.59417 


68.74 


68) 


-532.07303 


1.500000 


1 


.00000 




69) 


-1791.20298 


27.000000 


1 


.60353 


106.44 


70) 


-552.13375 


1.500000 


1 


.00000 




71) 46724.57835 


28.000000 


1 


.60353 


106.44 


72) 


-742.02620 


1.500000 


1 


.00000 




73) 


1183.83608 


34.000000 


1 


.45814 


164.86 


74) 


-736.17611 


15.200269 


1 


.00000 




75) 


-382.98498 


25.000000 


1 


.59417 


68.74 


76) 


-441.35918 


1.500000 


1 


.00000 




77) 


1313.46747 


28.000000 


1 


.60353 


106.44 


78) 


0.00000 


81.471505 


1 


.00000 





k = - 1 . 458102 
A = 0.230263X10" 8 
B = 0. 185031x10 11 
C = - 0. 813867x10 " 17 
D = 0.642140X10" 20 

(1) | f 1/f 2 I = 0 . 626 

(2) |f 5/f 4 | = 2 . 6 6 5 

(3) f 2/f 4 = 4. 3 6 3 

(4) vp2/vn2 = 0. 417 

(5) vp4/vn4=0. 5 3 8, 0. 4 1 7, 0. 
6 4 5 

(6) /? = - 1/0.6 

(7) Y/L = 0. 0 8 7 

(8) f 4N/L = -0. 2 0 4 

(9) f4(N+P)/L = -0. 3 5 4 

(10) vp2/vn2 = 0. 4 1 7 

(11) (|r P 22|-|rn21|)/(|rp22| + |rn21|) = -0. 0 0 
7, -0. 0 6 5 

(12) vp4/vn4 = 0. 5 3 8, 0. 4 1 7, 0. 
6 4 5 

(13) (|rp41|-|rn42|)/(|rp41| + |rn42|)=-0. 6 0 
5, 0. 412, 0. 491 

(14) v n 1/v p 1 = 0 . 417 

(15) (|rpllHrnl2|)/(|rpll| + |rnl2|)=0. 48 7 

(16) vn5/yp 5 = 0. 4 17 

(17) (Irp62|-|rn61|)/(|rp62| + |rn61|) = 0. 3 1 6 

[0061] m8i£*mmmoyw&ft'#&mmm$:7F 
tmx&z> 0 &iRssia*»e>we>*«c<t5fc: % n^mytm 

m \C *5 ^ X ISiKS IS &>X£l iff IZ M\UE £ tlX ^ £ d £ 1fi 



[0062] (mmum) H9ii> *sm<Dm*9m 
m \z u > * ^ -r ht- s> s • * 

miBWcDtt^^mtt, mi %oik (v^^m) fiu^e>JK 

(C, IEJB#r^©?g 1 l/>X{fG 1 k, nm¥rfj(Dm2 u 
>XPG2k, iEJB*T*©»3l/>X»G3 4:, HJH#r 
^©^4 b>X3¥G4 k. IEffl*T*fiE>*5U>X»G5 

[ 0 0 6 3 ] CCT% *ll/>XSGlli, niVafc 
(^**M) g2«ift — >P) fliic 

L 1 2«c»»UTE«*ixKHB»l*# (^**M) « 
£Offl*|p|ttfcIEU>XjGR#L 1 3 fc*6ft&*IEfid 
Ml/>XfiJ»4St5o 312 U>Xg£G 2fcfc, IEP> 
XML2 1 fcftU>X«#L2 2 kiPfeftSjEftfid 
to-frl/>Xj5K^i:, JEl>>XmfrL2 3 £M\s>Zm& 
L 2 4 i:*6 3&SIE©j|fl^to#lx>Xi58^i:*#-rSo 
i4l/>XpG4(i, ^«&SI3 U>XmG 3m\Z'Pte< 
£i>— 3©fiU>XJ5E»L 4 1 Rfll/>Xfi8^t» 
»Ufe«2««:(^*->P)«JCiEU>Xjffi^L 4 2k 
**aU tl/>X^L4 3i:jEl/>X^L4 4i:^ 
e>«cSfiiEj|fi'&to-e:U>XJ5E»i:, gl/>X^L4 5 
kIEU>X^L 4 7 i: 4* e>*c * UVXjsR 
#4:, il/>XML4 6 £jE\s>ZffiftL4 7 £&*> 
&SfiiEffl^to-fr^>Xfig^i:**-rSo ^5 1/>XS 

(^^->P) f"Jfciaffi*[qlWfcIEU>Xj5jc^L 5 6 
k, gutaiEU>Xj5)c^L 5 6 CBgLTEK^tlHSia^ 
l1»«:(v^^M)«k:Dflffl*rBl»fcftU>X^L 5 7 
fc*6*SIEfti|fl^fr*l/>XjK#£«r5o 

[0 0 6 4] WT(Z)«4iC**jSEOTt:**S«K^* 

[ 0 0 6 5 ] 

[i4] d 0 =70.265608 
(3 =-1/0.6 
NA = 0.1 
WD=85. 716137 
*EX=117. 6 



Ml 


r 


d 




n(g) 


V 


1) 


-51786.74290 


.20.000000 


1 


.45814 


164.86 


2) 


-387.92307 


1.500000 


1 


.00000 




3) 


2260.31200 


18.000000 


1 


.59417 


68.74 


4) 


462.64594 


7.900393 


1 


.00000 




5) 


1676.34555 


22.692292 


1 


.45814 


164.86 


6) 


-637.21315 


1.500000 


1 


.00000 




7) 


847.36689 


22.011790 


1. 


.60353 


106.44 


8) 


-981.49278 


1.500000 


1. 


.00000 




9) 


386.95730 


23.200000 


1. 


.60353 


106.44 


10) 


-791.27752 


1.500000 


1. 


.00000 




11) 


371.59064 


20.000000 


1. 


,60353 


106.44 
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12) 


502.09706 


1 


.500000 


1 


.00000 




13) 


210.55014 


17.500000 


1 


.60353 


106.44 


14) 


104.86413 


28. 


.621841 


1 


.00000 




15) 


-1028.36306 


22, 


.443938 


1 


.59417 


68.74 


16) 


-357.76601 


2, 


.017812 


1 


.00000 




17) 


-451.82137 


15, 


.000000 


1.45814 


164.86 


18) 


378.75816 


12. 


.810453 


1 


.00000 




19) 


-2331.26874 


25, 


.057766 


1 


.59417 


68.74 


20) 


-200.83373 


3.416371 


1 


.00000 




21) 


-224.46340 


15. 


.000000 


1 


.45814 


164.86 


22) 


293.82042 


28. 


.011551 


1 


.00000 




23) 


-116.30271 


16. 


.000000 


1 


.60353 


106.44 


24) 


-225.53938 


32. 


.295859 


1 


.00000 




25) 


-749.57627 


18. 


.000000 


1 


.59417 


68.74 


26) 


496.13426 


1. 


.500000 


1 


.00000 




27) 


466.76405 


30.000000 


1. 


.45814 


164.86 


28) 


-506.89747 


1. 


.500000 


1. 


.00000 




29) 


3185.31524 


22. 


.000000 


1. 


.45814 


164.86 


30) 


-594.09931 


1. 


,500000 


1, 


.00000 




31) 


1062.43800 


27. 


.000000 


1. 


.45814 


164.86 


32) 


-411.11423 


0.000000 


1. 


.00000 




33) 


0.00000 


1. 


,500000 


1. 


.00000 




34) 


1395.79139 


27. 


,152435 


1, 


.45814 


164.86 


35) 


-266.61139 


2. 


,084592 


1. 


.00000 




36) 


-256.79917 


19. 


000000 


1. 


.59417 


68.74 


37) 


-374.80727 


4. 


527003 


1. 


.00000 




38) 


O.O(STO) 


3. 


319984 


1. 


.00000 




39) 


349.40075 


19.000000 


1. 


.59417 


68.74 


40) 


204.61813 


5. 


436591 


1. 


.00000 




41) 


229.61929 


28. 


237254 


1. 


.45814 


164.86 


42) 


2623.52325 


1. 


500000 


1. 


.00000 




43) 


328.57859 


29. 


427562 


1. 


.45814 


164.86 


44) 


-938.12041 


1. 


500000 


1. 


.00000 




45) 


250.93998 


27. 


000000 


1 . 


.45814 


164.86 


46) 


700.00000 


3. 


037883 


1. 


,00000 




47) 


181.95364 


26. 


000000 


1. 


.45814 


164.86 


48) 


311.32758 


3. 


436129 


1. 


.00000 




49) 


177.33461 


18. 


000000 


1. 


.59417 


68.74 


50) 


107.91558 


29. 


050373 


1. 


.00000 




51) 


-310.18971 


16. 


000000 


1.46674 


124.00 


52) 


202.84075 


24. 


007054 


1. 


.00000 




53) 


320.43560 


23. 


000000 


1. 


.60353 


106.44 


54) 


1736.01581 


25. 


110904 


1. 


,00000 




55) 


-203.59701 


16. 


000000 


1. 


,45814 


164.86 


56) 


3507.62409 


1. 


501775 


1. 


,00000 




57) 


887.51933 


24. 


706358 


1. 


.59417 


68.74 


58) 


-877.39272 


14. 


106661 


1. 


00000 




59) 


-230.48531 


18. 


000000 


1. 


49597 


127.66 


60) 


-767.62098 


20. 


680090 


1. 


00000 




61) 


-119.74959 


16. 


009109 


1. 


45814 


164.86 



62) 


-397.51407 


1, 


.501948 


1. 


.00000 






63) 


-1210.70354 


27, 


.023952 


1. 


.59417 


68, 


.74 


64) 


-268.97737 


21. 


.739781 


1. 


.00000 






65) 


-140.31396 


20. 


.082180 


1. 


.60353 


106. 


.44 


66) 


-286.33593 


1. 


.506870 


1. 


.00000 






67) 


-1111.52693 


27. 


.043304 


1. 


.60353 


106. 


.44 


68) 


-433.46527 


1. 


.501967 


1, 


,00000 






69) 


-1072.78826 


26. 


.021789 


1. 


,60353 


106. 


.44 


70) 


-522.43711 


1. 


,500000 


1. 


,00000 






71) 


-1400.29604 


27.009480 


1. 


60353 


106. 


44 


72) 


-523.50546 


1. 


,500992 


1. 


00000 






73) 


-3434.42436 


27. 


,004668 


1. 


60353 


106. 


44 


74) 


-842.26028 


1. 


503615 


1. 


00000 






75) 


1131.73322 


34.030167 


1. 


45814 


164.86 


76) 


-723.50660 


11. 


134241 


1. 


00000 






77) 


-409.71744 


25. 


031674 


1. 


59417 


68. 


74 


78) 


-476.64360 


1. 


569802 


1. 


00000 






79) 


1559.03516 


28. 


000000 


1. 


60353 


106. 


44 


80) 


0.00000 


85. 


716137 


1. 


00000 







k=- 1 . 064847 
A = 0.391682x10 9 
B= 0. 194988x10 - 11 
C= 0.378441x10 17 
D = 0. 734908x10 ~™ 

(1) I f l/f 2 | =0. 6 4 6 

(2) | f 5/f 4|=2. 527 

(3) f 2/f 4 = 2.910 

(4) v p 2/ vn 2 = 0 . 417 

(5) vp4/vn4=0. 417, 0. 538 

(6) j3 = - 1/0.6 

(7) Y/L= 0.087 

(8) f 4N/L = - 0. 19 3 

(9) f4(N+P)/L = - 0 . 3 4 5 

(10) v p 2/vn 2 = 0 . 417 

(11) (irp22|-|rn21|)/(|rp22| + |rn21|) = - 0. 1 1 
6 , - 0 . 0 5 6 

(12) vp4/vn4=0. 417, 0. 538 

(13) (|rp41|-|rn42|)/(|rp41| + |rn42|) = -0. 5 9 
6, 0. 506, 0. 224 

(14) i/nl/vpl = 0. 417 

(15) (|rpll|-|rnl2|)/(|rpll| + |rnl2|)=0. 5 6 7 

(16) vn 5/vp 5 = 0. 4 17 

(17) (Irp62|-|rn61|)/(|rp62| + |rn61|)=0. 2 7 7 

[0066] mi ott*se««©a»***©isjR«* 
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[ 0 0 6 7 ] (ms mmm) anit *$&w(om 5 m 

**«W0S##¥«HU (^X*M) 

Kite, IEJBJt^©^ 1 1/>XSG 1 ftM^S2 

Jf*©14l/>X»G4k, jEfl*r*©*5l/>X»G 

[0068] ::t% »i i/>x»gi«4. s?i«n* 

(VX*M) (/^->P) fljt 

HWftlRKt&Hl/VXjaidL 1 2 t, MfflfiU>X/*# 
L 1 2icP}gLTgafi^tLiJlBm l^f* (vx^M) fiy 
Klflffi*lRl»fciEl/>Xja»L 1 3 fc*6«cSftjEfi^" 
tD^rUyXm^^^T^o S2l/>XSG2lt jEU> 
X«^L 2 1 fc*U>Xj«dL 2 2 kfrfe fcSIEaifld 
foi*b>Xj##h, jEU>Xj5£#L 2 3 fcflU>Xj0W* 
L 2 4 fcfr6*SiEfi«l^'to#U>X^i:, IEU>X 
$o#L 2 5 kftl/>X«*L 2 6 fcfrftfcSiEftjfi^b 
tl/>Xflc»i:*tt5. ^4b>Xi¥G4(i, 
3 U>XiG3iiC>^< tt>—o<Dn\s>ZmfrL 4 
lh, »ISl/>XJBjl»lC»»L&»2«lfls:(y^->P) 
««CIE^>XJ5E^L 4 2 i:**U fil/>X^L43 
hIl/>XML4 4 fcfr£fc*AIEtt^h-frU>X/S 

il/>XML4 5 i:IEU>Xfi£#L4 6 
«cSft!Ej|fl'&to-frU>Xj5E^i:, tb>X^L4 7h 
IEI/>XJS6^L 4 8 k*6«cSfliEJH'&t)*U>Xj5R^ 
h*««o 15l/>XSIG5li, mifefr (^X^ 

m) wftzmic. mimk o^->p) wtam&ifi 

ttfclEUVXJtfcfrL 5 4 hu8BIEU>XJ5£^L 5 4 iC 

Kg l x mm $ nmmm 1 ( v x * m )« t m * 

»fcfil/>XfiE»L 5 5 fcfre>&&IEflffl'&;ta-frU>X 
[0 0 6 9 ] J^T©1S5 t**flfi«UC<P**saK**^ 
[0 0 7 0] 

[85] d 0 =70.200000 
/? =-1/0.6 
N A = 0. 1 
WD =85.481123 
$EX=117. 6 





^ r 




d 




n(g) 


V 


1) 


-0.539759 • 10 17 


20 


.000000 


1 


.49597 


127.66 


2) 


-340.59311 


1. 


.500000 


1, 


.00000 




3) 


6206.40041 


18.000000 


1. 


.59417 


68.74 


4) 


365.41142 


5. 


,904637 


1. 


.00000 




5) 


653.93549 


22. 


.500000 


1. 


.45814 


164.86 


6) 


-1118.92718 


1. 


,500000 


1. 


.00000 




7) 


513.78429 


22. 


,000000 


1. 


.60353 


106.44 


8) 


-1175.42417 


1. 


500000 


1. 


.00000 




9) 


374.98570 


20. 


000000 


1. 


.60353 


106.44 


10) 


-2395.21153 


1. 


500000 
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k = - 1 . 417969 
A = 0.21239X10- 8 
B = 0. 183680x10 " u 
C = - 0. 298594x10 17 
D = 0.713526x10 20 

( 1 ) I f 1/f 2|=1. 020 

(2) | f 5/f 4|=2. 6 6 3 

(3) f 2/f 4=1. 964 

(4) yp2/vn 2 = 0. 6 4 5, 0. 5 3 8 

(5) vp4/vn4=0. 5 3 8, 0. 4 1 7, 0. 
6 4 5 

(6) 0 = - I/O. 6 

(7) Y/L = 0. 0 8 7 

(8) f 4N/L = -0. 2 1 5 

(9) f4(N+P)/L = - 0 . 3 3 7 

(10) vp2/vn 2 = 0. 6 4 5, 0. 5 3 8 

(11) (Irp22|-|rn21|)/(|rp22| + |rn21|) = - 0 . 3 9 
7, - 0. 042, - 0. 013 

(12) vp4/vn 4 = 0. 5 3 8, 0. 4 1 7, 0. 
6 4 5 

(13) (Irp41i-|rn42|)/(|rp4l| + |rn42|)=0. 2 3 
1, 0. 597, 0. 380 

(14) vn 1/vp 1 = 0. 417 

(15) (|rpll|-|rnl2|)/(|r P ll| + |rnl2|)=0. 2 83 

(16) v n 5/ v p 5 = 0 . 417 

(17) (Irp62|-|rn61|)/(|rp62| + |rn61|)=0. 1 0 0 
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[0 0 7 5 ] 

[16] dO =70.200000 
£=-1/0.6 
NA=0.1 
WD =86.296134 
$EX= 1 1 7 . 6 
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9) 375.40095 20.000000 1.59417 68.74 


59) 


-962.83571 


28. 


000000 


1. 


.59417 


68.74 


10) -2124.22273 1.500000 1.00000 


60) 


-383.39968 


19. 


610126 


1. 


.00000 




11) 314.47992 23.108798 1.59417 68.74 


61) 


-142.95986 


20. 


185786 


1. 


.60353 


106.44 


12) -7443.04294 1.500000 1.00000 


62) 


-287.86159 


1. 


500000 


1, 


.00000 




13) 1459.71484 18.500000 1.60353 106.44 


63) 


-509.08423 


29. 


423818 


1. 


.59417 


68.74 
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64) 


-424.22759 


1.500000 


1 


.00000 




65) 


-983.49427 


30.339993 


1 


.59417 


68.74 


66) 


-462.52476 


1.500000 


1 


.00000 




67) 


-8451.87599 


32.000000 


1 


.59417 


68.74 


68) 


-510.36350 


1.527940 


1 


.00000 




69) 


1029.37577 


37.000000 


1.45814 


164.86 


70) 


-460.07439 


7.061448 


1 , 


.00000 




71) 


-373.22547 


26.425620 


1. 


.59417 


68.74 


72) 


-476.67556 


3.556440 


1 


.00000 




73) 


1057.45543 


30.000000 


1. 


.60353 


106.44 


74) 


0.00000 


87.021963 


1. 


.00000 





k=- 1 . 040835 
A = 0.256115X10- 8 
B = 0. 1 9 3 3 9 6 x 1 0 -» 
C= 0. 146675x10 16 
D = 0.482865X10- 20 

(1) |f 1/f 2|=0. 9 8 5 

(2) |f 5/f 4 | = 2 . 5 0 7 

(3) f 2/f 4=1. 8 3 2 

(4) vp2/vn2=0. 6 4 5, 0. 5 3 8 

(5) vp4/vn4 = 0. 5 3 8, 0. 6 4 5 

(6) 0 = - I/O. 6 

(7) Y/L= 0. 0 8 7 

(8) f 4N/L = -0. 2 4 4 

(9) f4(N+P)/L = -0. 4 6 8 

(10) vp2/vn 2 = 0. 6 4 5, 0. 5 3 8 

(11) (|rp22Hrn21|)/(|rp22Mrn21|)=0. 6 7 
2, - 0. 006, - 0. 045 

(12) v P 4/vn4 - 0. 5 3 8, 0. 6 4 5 

(13) (trp41|-|rn42|)/(|rp41| + |rn42|)=- 0 . 0 6 
1, 0. 344, 0. 278 

(14) vn 1/ v p 1 = 0 . 417 

(15) (|rpll|-|rnl2|)/(|rpllMrnl2|)= 0 . 085 

(16) vn5/vp5 = 0. 4 17 

(17) (Irp62|-|rn61|)/(|rp62| + |rn61|) = 0 . 10 4 

[0081] m 1 6 \**&mm<D&&ft&m<D&iiiL&& 
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